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优点：（1）D N A 接种载体(如质粒)的结构简单，
提纯质粒 DNA 的工艺简便，因而生产成本较低，且
适于大批量生产；（2）D N A 分子克隆比较容易，











































的 D N A 疫苗存在一定的安全隐患。近期研究表
明，以鱼类特有启动子构建的DNA疫苗在体内和体




表 1 在鱼类 D N A 疫苗研究中应用的启动子






















































日本大比目鱼( Paralichthy olivaceus) 
斑马鱼(Brachydanio rerio) 
金鱼(Carassius auratus L.) 
大菱鲆(Scophthalmus maximus) 
日本大比目鱼 


























血弧菌极鞭毛蛋白 Fla Ⅰ基因，用于构建 Fla Ⅰ基因
真核表达载体。覃映雪[19]等将编码副溶血弧菌极鞭毛
丝蛋白的FlaA,FlaB,FlaC,FlaD,FlaE,FlaF 6个基因中的
FlaB 基因成功重组到 pIRESneo 载体上。目前真正进
行鱼类病原细菌 DNA 疫苗研究的工作还很少。
1.3  免疫刺激分子
       目前研究和应用于鱼类的免疫刺激分子主要为
核酸，油佐剂和细胞因子。
1.3.1  寡聚脱氧核苷酸
        Jorgensen[20,21]等发现细菌 DNA 和寡聚脱氧核苷
酸（O D N）能够刺激大西洋鲑和虹鳟产生干扰素
Ⅰ和Ⅱ。Yi[22]发现鲶鱼对 CpG DNA 产生非特异性
细胞毒细胞。zheng meng[8]等在对草鱼的体外实验中





















答 [ 9 ]。
2  鱼类DNA疫苗的接种方法














      用基因枪 DNA 将包被的粒子轰击导入鱼体内是
注射的另外一种方法，Carl [24]等以绿色荧光蛋白为
报告基因，用包被 DNA 质粒的金粒子对日本比目鱼




伤害在免疫后 28d 即可痊愈；而 1.03MPa 虽然不会
对鱼体造成明显伤害，但效果很差，研究表明，当
















      最近，一种将质粒 DNA 导入鱼体的新方法在体
外实验中取得了一定的进展。Benjamin[26]等用弱毒性
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袭素基因的低拷贝质粒 pGB2 Ω inv，含有单核细胞
增生李斯特菌（Listeria.monocytogenes）listeriolysin
蛋白基因低拷贝质粒 pGB2 Ω inv-hly 和含有绿色荧
光蛋白报告基因的质粒 p E G F P - c 分别在 H eL a，
COS-7 和 CHO 细胞系中进行表达。结果显示，报
告基因(GFP)在 CHSE-214 细胞中的表达率为 0.01%
到 0.02%，在前肾巨噬细胞中和腮培养物中的表达
率也很低。而当加入脂质体转染试剂后，最终获得了
















PCR对免疫相关基因MHC Iα,IIα,IIβ,TCR-α, β 1,
β2等进行了定量分析来确定免疫1～7d后的免疫应答
















Tab.2  Duration of exogenous genes expressing in fish
4   DNA疫苗可能的免疫机制









浆内蛋白酶降解成 8 到 12 个氨基酸的短肽，这些短
肽上不同的抗原表位分别与 MHC-1 类和 MHC-2 类
分子结合，形成复合物并被 APC 呈递到细胞表面。
与 MHC-1 类分子结合的短肽能够激活细胞毒性 T 淋
巴细胞（CTL），而与 MHC -2 类结合的短肽则激
活 CD4+T 细胞。CTL 在辅助性 T 细胞 1（Th1）的
作用下可以有效刺激鱼体细胞免疫应答，而分泌到
细胞外的抗原则被带有相应膜抗体的B淋巴细胞所捕
捉，并在辅助性 T 细胞 2(Th2)及其分泌的细胞因子
的刺激下转化为浆细胞，分泌大量抗体。
5  DNA疫苗的免疫效果






据注射量不同，可以达到 9 8％到 7 8％的保护率。
Maureen[30]等用带有 IHNV-G 基因的DNA 疫苗对虹
鳟进行免疫，在攻毒实验中，鱼群从第七天开始出现
死亡现象，到第 28 天，总死亡率达到 17.65%，并
对 Mx 基因的表达进行了 PCR 分析，发现在免疫后
的 7，14，21 和 28 d，Mx 基因的表达出现增长。
M x 基因是在抗病毒早期起重要作用的一类基因。





的 DNA 疫苗对大菱鲆进行了免疫，在用 Noda 病毒
进行的攻毒实验中，发现在免疫 8d 后，免疫组死亡
率为 0，而对照组到达 54％；在免疫 35d 后，免疫











































参 考 文 献 ：
[1] Wolff I A,Malone R W,Williams P. Genetic immuni-
zation is a simple method for eliciting an immune
respones[J].Nature,1992,356:152-154.
[2] Ulmer J B,Donnely J J,Parker S E,et al. Heterologous
protection against influenza by injection of DNA en-
coding a viral protein[J].Science,1993,59:1 745-
         1 749.
[3] Joel H,Heather L D. Application of DNA vaccine
69Marine Sciences/Vol.29,No.3/2005
technology to aquaculture[J]. Advanced Drug De-
livery Reviews, 2000, 43:29-43.
[4] Hansen E,Femandes K,Goldspind G,et al. Strong
expressiong of foreign genes following direc t injec-
tion into fish muscle[J].FEBS Lett,1991, 23(1/2):
73-79.
[5] Anderson E D,Mourich D V,Fahrenkrug S C,et al.
Genetic  immunization  of ra inbow t rout (On c
orhynchus mykiss)against infectious hematopoietic
necrosis virus[J].Molecular Marine Biology and
Biotechnology , 2000, 5:114-122.
[6] Marta A,Marc J,Ben S,et al. A fish specific expres-
sion vector containing the interferon regulatory fac-
tor 1A(IRF1A)promoter for genetic immunization
of fish[J]. Vaccine, 2003, 21:1 591-1 600.
[7] Michael J M,Heather L D. CpG DNA as mucosal
adjuvant[J]. Vaccine, 2000, 18:231-237.
[8] Z h e n  M , J i a n z h o n g  S , L i x i n  X .  C p G
o l i g o d e o x y n u c le o t i d e s  a c t iv a te  g r a s s  c a rp
(ctenopharyngo don idellus)macr ophages[J]. De-
velopmental and Comparative Immunology ,
2003, 27:313-321.
[9] Kanellos T S,Sylvester I D,.Mammalian granulocyte-
macrophage colony-stimulating factor and some CpG
motifs have an effect on the immunogenicity of
DNA and subunit vaccines in vfish[J]. Immunology,
1999, 96:507-510.
[10] Noonan B,Enzmann P J,Trust T J,et al. Recombi-
nant infectious hematopoietic nercosis virus a nd
viral hemorr hagic septicemia virus glycoprotein
epitopes expressed in Aeromanas salmonicida  in-
duce protective immunity in rain trout(Oncorhynchus
mykiss)[J]. Appl Environ Microbiol, 1995, 61(10):
3 586-3 591.
[11] Lorenzen N, Lorenzen E, Einer-Jensen K,et al. DNA
vaccines as a tool for analyzing the protective im-
mune response against rhabdoviruses in rainbow trout
[J]. Fish &Shellfish Immunology ,2002, 12:439-
453.
[12] Lorenzen N,Lorenzen E,Katja E-J,et al. Immunity
induced shortly after DNA vaccination of rainbow
trout again st rhabdoviruses protects against heter-
ologous virus but not against bacteri al pathogens[J].
Developmental and comparative Immunology ,
2002, 26:173-179.
[13] Lorenzen N,Niels J O,Claus K. Immunity to VHS
virus in rainbow trout[J]. Aquaculture, 1999, 172:
41-61.
[14] Lorenzen N,Lorenzen E,Katja E-J. Immunity to vi-
ral haemorrhagic septicaemia (VHS) following DNA
vaccina- tion of rainbow trout at an early life-stage
[J]. Fish & Shellfish Immunology,2001, 11:585-
591.
[15] Dickerson H,Clark T,Lin T-L,et al. Diagnostic and
protective antigen gene sequences of Ichthyophirius
multifiliis[P]. USA:M & R 235,00170201,2000-
02-16.
[16] Barry M A,Lai C L,Johnston S A,et al. Protection
against myooplasma infection using expressi on-li-
brary immu nization[J]. Science,1996,377:632-
635.
[17] Johns on S A,Barry  M A . geneti c  to  gen omic
vaccination[J]. Vaccine,1997,15(8):808-809.
[18] 周化民 , 王军 , 苏永全 .  含副溶血弧菌（V i b r i o
parahaemolyticus）Fla Ⅰ基因真核表达重组质粒
的构建[ J] .厦门大学学报（自然科学版）2 0 0 2 ,4 2
(40):21-27.
[19] 覃映雪 , 苏永全 , 周化民 . 副溶血弧菌（V i b r i o
parahaemolyticus）极鞭毛蛋白 FlaB 基因的克隆
与序列分析[J ] .农业生物技术学报 2 00 3,11（6）:
656-657.
[20] Jorgensen J B,Johansen A,Stenersen B,et al. CpG
oligodeoxynucleotides and plasmid DNA simulate At-
lantic salmon(salmo salar L.) leucocytes to produce
supernatants with antiviral activ ity[J]. Dev Comp
Immunol,2001,25:313-21.
[21] J o rg e n s e n  J  B , Z h o u  J , J o h a n s e n  A , e t  a l .
Immunostimulatory  CpG oligodeoxynucleotides
simulate expression of IL-1 β and interferon-like
cytokines in rainbow trout macrophages via a chlo-
roquine-sensitive mechanism[J]. Fish & Shellfish
Immunol,2001,11:673-82.
[22] Yi A K,Tuetken R,Redford T,et al. CpG motifs in
b ac te ri a l  DN A ac t iv ate  ox y ge n sp e cied  [ J] .
Immunol,1998,160:4 755-4 761.
[23] 伊光辉,林天龙,熊邦喜.鱼类 DNA 疫苗的研究进展
[J].中国水产科学,2001,8(4):87-90.
[24] Carl T,Makoto E,Ikuo H,et al. Assessment of DNA
vaccine potential for juvenile japanese flounder
Paralichthy- s olivaceus,through the introduction
of reporter genes by particle bombardment and
histopathology[J]. Vaccin- e, 2001, 19:801-809.
[25] Kristine R,Beate J T,Oystein E. Expression of lu-
ciferase in selected organs following delivery of na-
k e d  a n d fo rm u la te d  D N A  to  r a in b ow  t ro u t
(Oncorhynchus mykiss)  by d ifferent routes of
administration[J]. Fish & Shellfish Immunology ,
2004, 16:251-264.
海洋科学/2005 年/ 第 29 卷/ 第 3 期70
[26] Benjamin E S,Jo-Ann C l. Gene Transfer to Fish
Cells by Attenuated Invasive Escherichia coli[J].
Biotechnol, 2002, 4:303-309.
[27] Tomokazu T,Akiko I,Ikuo H,et al. Development of
a DNA vaccine against hirame rhabdovirus and analy-
sis of the expression of immune-related genes after
vaccination[J]. Fish & Shellfish Immunology ,
2004, 17:367-37 4.
[28] Ingunn S,Lorenzen E,Lorenzen N,et al. A DNA vac-
cine directed against a rainbow trout rhabdovirus in-
duces e arly protection against a nodavirus in turbot
[J]. Vaccine, 2003, 21:4 661-4 667.
[29] Tiziano V,Laura I,Rita C,et al. Assessment of DNA
vaccinie potential for gilthead sea bream(Sparus
aurata)by  instramuscular injection of a reporter
gene[J]. Fish & Shellfish immunology ,  2003,
15:283-295.
[30] Maureen K P,Gael K,Kyle A G,et al. Quantitative
expression profiling of immune response genes in
rainbow tr out following infectious haematopoietic
necrosis virus (IHNV) Infection or DNA vaccination
[J]. Fish & Shellfish Immunology ,  2004, 17:
447-462.
[31] Heppell J,Lorenzen N, Armstrong N K,et al. Devel-
opment of DNA vaccines for fish:vector design,
instramuscul ar injection and antigen expression us-
ing viral haemorrhagic septicaemia virus genes as
model[J]. Fish & Shellfish Immunology , 1998,
8:271-286.
[32] Mclauchlan P.E,Collet B,Ingerslev E,et al. DNA vac-
cination against viral haemorrhagic septica emia
(VHS) in r ainbow trout:size,dose,route of injection
and duration of protection-early protection corre-
lates with  Mx expression[J]. Fish & Shellfish
Immunology , 2003, 15:39-50.
[33] Theophanis K,Ian D S,Colin R H,et al. DNA is as
effective as protein at inducing antibody in fish[J].
Vaccine, 1999, 17:965-972.
[34] Lorenzen N,Lorenzen E,Einer-Jensen K,et al. Pro-
te c t iv e  imm u n i ty  to  V H S in  r a in b o w  t ro u t
(Oncorhynchus myki ss) following DNA vaccination
[J]. Fish &Shellfish Immunol, 1998, 8:261-270.
[35] Anderson E D,Mourich D V,Leong J C. Gene expres-
sion in rainbow trout (Oncorhynchus mykiss) fol-
lowing inst ramuscular injection of DNA[J].Mol Mar
Biol Biotechnol, 1996, 5:105-113.
[36] Boudinot P,Blanco M, Kinkelin P de,et al. Com-
bined DNA immunization with the glycoprotein gene
of hemorrh agic septicemia virus and infectious he-
matopoietic necrosis virus induces double-specific
protective immunity and nonspecific response in
rainbow trout[J].Virology , 1998, 249:297-306.
[37] 鄢庆枇,苏永全,王军,等.绿色荧光蛋白基因在大黄鱼
体内的表达 [ J ] . 厦门大学学报（自然科学版）
2002,41 (2):265-268.
（本文编辑：刘珊珊）
